The continual growth of a tumour beyond a critical size relies on the development of new blood vessels (neovascularisation) to maintain an adequate supply of nutrients for the tumour cells (Folkman, 1984) . It is known that tumours produce several substances capable of inducing the proliferation and migration of host capillary endothelial cells. These substances include fibroblast growth factors (Shing et al., 1985; Klagsbrun et al., 1986) , which are non-specific cell mitogens widely distributed in neural and other tissues. Recently it has been shown that the stimulation of microvessel cell proliferation by these factors is enhanced if endothelial cell stimulating angiogenesis factor (ESAF) is present (Odedra & Weiss, 1987) .
The molecular mass of ESAF is approximately 400 and its angiogenic activity has been demonstrated in several test systems Elstow et al., 1985) . Unlike protein growth factors, ESAF is a mitogen specifically for microvessel cells (Schor et al., 1980) . It enhances the chemotaxis and chemokinensis of microvessel, but not aortic endothelial cells and has no effect on fibroblasts (Odedra and Weiss in preparation). The synergism between fibroblast growth factors and ESAF suggests the presence of the latter may be vital for the in vivo stimulation of capillary growth.
It has been shown that ESAF activates latent collagenase (Weiss et al., 1983) by reversing the inhibition of this enzyme by tissue inhibitor of metalloproteinases (McLaughlin et al., 1991 (Table III) . Samples were frozen at -20'C prior to extraction.
Extraction of ESAF Individual samples were homogenised at 4'C in 50 mM NH4HCO3 buffer (pH 7.9) containing 2 M Mg Cl2. After centrifugation at 20000 g (1 h, 4'C) the supernatant was assayed for protein (Lowry et al., 1951) prior to ultrafiltration on a YM5 filter membrane (5000 Mr exclusion limit) (Amicon, Stonehouse, Glou., UK) with five volumes of bicarbonate buffer. The ultrafiltrate was reduced by rotary evaporation to a volume of 5 ml and applied to an octodecyl silica column (Analytichem, Harbor City, California, USA). Bound low molecular mass material was eluted with methanol.
Assay of angiogenic material for its ability to activate latent collagenase was performed according to the method of Weiss et al. (1983) . Results were expressed as 1tg collagen degraded h-I mg-' protein in the supernatant.
The active material eluting from the octodecyl silica column passed readily through a membrane with an exclusion limit of 3000 Mr. The apparent molecular mass was established by gel filtration on a Bio-Gel P-2 (Weiss et al., 1979) . Angiogenic activity was assessed using the chick yolk sac membrane test (Taylor & Weiss, 1984) .
Latent collagenase activation assay 3H-labelled rat tail tendon collagen was prepared by a modification of the method of Gisslow and McBride (1975) . Latent collagenase was prepared from the culture fluid of human skin fibroblasts stimulated with cytochalasin B. After concentration x 100 the fluid was applied to an ACA col- 
Results
All tumours and control brain samples contained detectable quantities of a diffusible, low molecular mass, latent collagenase activating factor. Gel filtration chromatography of representative samples on Bio-Gel P-2, showed the active material to have an apparent molecular mass of 400.
When semi-purified fractions of the biopsy samples were tested on the chick yolk sac membrane, positive results were obtained. This indicates the presence of an angiogenic factor (Figure 1 ) and suggests the presence of ESAF in these samples.
The concentration of ESAF in control brain samples were of the same order as those present in bovine brain and retina and rat brain, but were considerably less than those found in human or bovine pineal glands (not shown). This suggests that there is no apparent species difference between bovine and human tissue in regard to levels of ESAF. Similar results have also been obtained from rats (not shown). ESAF levels present in brain tumours did not relate to the gender of the patients. However, in control samples there is an indication that there may be a correlation with low values and age. Analysis of results from tumours for which information on their growth characteristics was available indicated that neoplasms which were not actively growing had amounts of ESAF not significantly different from those in control brain (Figure 2 ). In contrast tumours showing morphological features of active growth had concentrations of ESAF considerably in excess of those found in control brain or in non-active tumours (P = 0.01 and 0.025 respectively) tumours (Figure 2 ). Thus in actively growing or malignant tumours where neovascularisation would be a pre-requisite for sustained growth ESAF levels were very significantly raised. Groups of tumours conventionally regarded as malignant (gliomas and astrocytomas) had ESAF levels considerably greater than the control brain samples (P = 0.03) or brain tumours usually considered to be benign such as pituitary tumours, meningiomas and acoustic neuromas (Figure 2) . Analysis of tumours according to individual type indicated that only gliomas contained significantly more ESAF than control brain samples (Figure 3 and Tables   I-III) . Although meningiomas and pituitary tumours had mean values which were generally greater than control brains.
Discussion
It is known that tumour tissue contains factors capable of inducing angiogenic activity (Shing et al., 1985; Folkman & Klagsbrun, 1987 ) and the production of many of these fac- tors by tumour cells grown in culture has been confirmed (Folkman & Klagsbrun, 1987) . Thus tumour extracts and conditioned medium from tumour cell cultures have been shown to exhibit growth-promoting activity in appropriate test systems (Folkman, 1977; Klagsbrun et al., 1986) . In some studies the mediators of angiogenic activity have been isolated and identified. Factors have been isolated which are closely related to fibroblast growth factors both in structure and activity (Shing et al., 1985; Klagsbrun et al., 1986) . We have previously isolated tumour ESAF in our laboratories (Weiss et al., 1979; Lye et al., 1986) . Fibroblast growth factors and ESAF have been extracted from normal adult tissue and from embryonic tissue. Other putative growth factors such as transforming growth factor alpha and gastrin releasing peptide appear only to be found in significant quantities in foetal and neoplastic tissues (Bothwick et al., 1984; Caffey et al., 1986; Wharton et al., 1979) . Few attempts have been made to compare the actual concentration of growth factors in normal brain tissue and with those in brain tumours although it has been shown that the angogenic activity of cerebrospinal fluid taken from patients with certain brain tumours is significantly raised compared with that in the cerebrospinal fluid from control patients (Pousa et al., 1983) .
In the present study we measured the concentrations of ESAF taken from 'control' (i.e. tumour free) brain tissue and compared it with that of ESAF in intracranial neoplasms (Figure 2 ). Control samples were obtained from patients with head injury when damaged brain was resected as part of their treatment or from autopsied patients. It is possible that angiogenic activity in brain tissue may be lost owing to biodegradation soon after death, but results obtained from the two control sources were reasonably comparable except that there appeared to be lower levels in older patients although this was not significant.
Although our numbers are small it appears that in general intracranial neoplasms have increased concentrations of ESAF compared with control samples. There is significant differences in ESAF levels when intracranial tumours regarded as 'actively growing' are compared to 'inactive' tumours (P = 0.025) (Figure 3 ). Those tumours considered to be clinically benign (e.g. acoustic neuromas, pituitary tumours, meningiomas) appear to have significantly lower concentrations of ESAF when compared with clinically malignant tumours (such as gliomas) ( Figure 3 ) (P = 0.03). Some tumour samples obtained from the malignant group had ESAF levels comparable with those present in the pineal gland which has the highest level for normal tissues of the body (Taylor et al., 1988) . This is of interest as Korf et al. (1987) have identified in some brain neoplasms the presence of genetic markers which were previously thought to be confined to the pineal gland.
We are unable to comment as to whether there exists a correlation between ESAF concentration and patient survival for a given tumour type. This is because there are a large number of relevant factors we would have to consider, for example; age on diagnosis; specific histopathological characteristics; sex; treatment with steroid hormones; size and site of tumour at the time of biopsy and the extent of tumour removal. The relatively small number of patients and our short clinical follow-up also limits us in this respect.
It is probably significant, however that as well as those tumours generally regarded as having an unfavourable prognosis (e.g. glioblastoma multiforme) samples from certain 'benign' tumours had high ESAF levels. Certain meninv giomas and pituitary tumours, though usually curable, may regrow and we were therefore not surprised that samples from some of these tumours had high ESAF levels. On the other hand, those tumours such as acoustic neuromas which almost never recur after total removal had ESAF levels close to the control values.
We conclude that intracranial neoplasms contain increased amounts of ESAF compared to normal brain tissue. Furthermore, the more actively growing tumours have higher concentrations of ESAF than the more slowly growing benign tumours. With further study it may be possible to use the concentration of ESAF in biopsy samples in order to give a more accurate prognosis for the outcome with respect to tumour type. It may also one day enable clinicians to devise therapeutic stratagems to influence tumour growth.
